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This study focuses on achieving a self-healing network with high 
reliability and minimal losses by discussing the optimal placement 
of distributed generation (DG) sources in the network using the 
particle swarm algorithm (PSO). Optimal placement not only 
reduces losses but also enhances the voltage profile and enhances 
system reliability. Consequently, the paper explores the concept of 
a self-healing smart grid. Smart grids possess a crucial attribute 
known as self-healing, designed to enhance the system’s 
dependability. The self-healing power grid can detect and rectify 
disruptions within its infrastructure with minimal or even absent 
human intervention. This study examines a standard IEEE 69-bus 
network and presents results demonstrating the network's safety, 
the prevention of blackouts, the reduction of losses, and the 
substantial enhancement of the voltage profile. 

1. Introduction

The growing demand for clean and affordable energy, along with advancements in 

renewable resources technology, has led to a rising trend in distributed generation. 

Conversely, the utilization of distributed generation (DGs) units in energy distribution 

networks can yield several outcomes, including loss reduction, enhanced dependability, 

improved voltage profile, and enhanced power quality in electrical distribution networks. 

The strategic placement of DGs inside a distribution network is crucial for attaining these 

objectives. Within distribution networks, the voltage profile is inadequate in terms of 

voltage magnitude, and power loss is unavoidable. Therefore, the investigation of the 

impact of DGs is necessary to enhance the voltage profile magnitude, minimize losses, and 

improve reliability. Additionally, determining the optimal location of these sources is 

crucial in achieving these objectives. Parametric relations and cost functions are utilized 

in [1] to determine the optimal placement of DGs in a network with unbalanced loads. 

Additionally, the group search optimizer (GSO) is employed as a novel method for 

resolving unbalanced power flow. This is one of the recently developed algorithms in the 

field of neural networks. The paper [2] presents a method for determining the best 

location for DGs by minimizing the overall energy loss. This method uses nonlinear 

programming and optimal power flow (OPF) techniques, taking into account operational 
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constraints and uncertainties in load and power generation resources in the IEEE 33-bus 

test system. The unit commitment (UC) problem is addressed in [3] using a novel 

evolutionary approach. The conventional objective function of the UC problem involves 

taking into account the pertinent parameters of the wind farm and aiming to enhance the 

quality of life by incorporating wind units. This can be achieved by minimizing the annual 

economic losses, which encompass the expenses associated with installation, operation, 

and maintenance, in addition to fluctuations in voltage and losses of power in the buses. 

The paper [4] discusses a novel multi-objective whale optimization algorithm (MOWOA) 

designed specifically for solving multi-objective problems. The study [5] focuses on 

enhancing the cost function or cost-effectiveness of electricity generation by strategically 

allocating wind, solar, and hydroelectric systems. The system assesses the degree of 

penetration (ranging from 0 to 100%) of various systems and develops generators that 

effectively transition to renewable resources.  

The advanced search group algorithm (ESGA) [6] has been used for the purpose of 

optimizing the placement of DGs in distribution networks. The system utilizes radial 

networks (RDNs) to minimize power losses, enhance voltage stability, and improve 

voltage profiles. It effectively enhances network performance by employing appropriate 

power. Reference [7] presents a method that utilizes non-linear programming and the 

crow search algorithm to optimize the placement and sizing of hybrid SFCLs in 

distribution systems with synchronous DG. The objective is to minimize the size of the 

SFCLs and the operating time of the OCR, while also enhancing protection coordination 

with minimizing installation expenses. The paper [8] presents an optimal approach for 

positioning and assessing type IV induction generators in extensive wind farms. The 

objective is to effectively incorporate type IV induction generators and wind farms into 

unbalanced three-phase distribution networks. This study focuses on minimizing losses 

by utilizing Unified Power Quality Conditioner (UPQC) as a means of reactive power 

support, in conjunction with the Particle Swarm Optimization (PSO) algorithm. The 

outcomes of a two-step economic plan in [9] for incorporating synchronous DGs into 

conventional distribution networks validate the enhancement of protection coordination 

and economic metrics in comparison to power flow studies. Ref. [10] presents a method 

based on evolutionary optimization for determining the optimal location and 

reconfiguration of DGs in the standard IEEE 33-bus system. This method leads to 

considerable enhancements in voltage characteristics, reduction in power loss, and 

improved system reliability. 

 According to [11], an optimal approach is suggested for determining the quantity and 

placement of DGs in distribution networks, using nodal pricing as the basis. This study 

employs an enhanced artificial bee colony algorithm on a practical 38-bus system with 

voltage- and frequency-sensitive loads, with the objective of maximizing the profit of the 

distribution company. The researchers in [12] propose a highly effective approach to 

optimize the placement and capacity of DGs and transformers tap in distribution 

networks by analyzing and considering uncertainties. This is realized by minimizing the 

loss and improving the voltage stability using probabilistic nonlinear optimization. The 

study [13] employs three multi-objective algorithms to determine the optimal placement 

and quantity of DGs in power systems. The effectiveness of this approach is evaluated 
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using the standard IEEE 33-bus distribution network, and the results demonstrate a 

notable decrease in active power losses by strategically placing DGs, thereby enhancing 

system performance. In [14], a proposed approach suggests integrating electric vehicles 

(EVs) into unbalanced distribution systems using an optimal coordinated strategy. By 

employing Vehicle-to-Grid (V2G) technology and demand-side management for EVs, this 

method effectively finds resources that result in decreased power losses, enhanced 

voltage parameters, and lowered operating expenses. In their study, researchers in [15] 

suggest an optimal method for determining the location, generation level, and scheduling 

of energy storage sources with DGs in distribution networks. This methodology utilizes 

loss sensitivity factors and addresses uncertainties to prevent voltage deviation and 

minimize the voltage deviations and active power losses.  

The objective of [16] is to reduce active and reactive power losses in power networks 

by implementing a genetic algorithm (GA) to maximize the capacity of DGs. Through 

simulation on standard IEEE 30- and 118-bus systems, this technique proves to be a 

promising strategy for sustainable energy systems. In [17], a novel approach is suggested 

to enhance voltage stability and reduce power losses in radial distribution networks. This 

approach involves the optimal positioning of DGs, network reconfiguration, and voltage 

control at buses using a gray wolf optimization algorithm for a multi-objective function. It 

enhances the voltage stability of the tested system to a notable extent. The researchers in 

[18] examine how the rated power and overall capacity of solar modules impact energy 

loss in radial distribution networks. They find that their multi-objective control strategy 

is more effective than alternative approaches in attaining reduced energy loss. The 

recommended power rating for each individual unit and the overall capacity for all units 

are provided to ensure the installation of an efficient solar system.  

The strategy proposed in [19] aims to enhance voltage regulation in order to optimize 

distributed energy storage in imbalanced distribution networks. The researchers in this 

study utilize thorough voltage analysis to ascertain the most advantageous placement and 

dimensions of Distributed Energy Storage Systems (DESS) while simultaneously reducing 

costs with an enhanced gray wolf minimization technique. This approach effectively 

enhances voltage projects in unbalanced distribution networks, while also ensuring 

economic efficiency.  

Based on the analysis of various articles and references, it has been observed that the 

strategic placement of generation sources in order to minimize losses, enhance voltage 

stability, and reduce network expenses has been achieved through methods such as 

optimization algorithms, solving non-linear equations, energy storage, and adjusting 

transformers tap. However, none of these approaches have addressed the issue of 

network self-healing, which will be the focus of this article. 

 This paper presents the architecture of a self-healing network that exhibits great 

dependability and minimal losses. To achieve this objective, the PSO algorithm will be 

employed to locate DG units throughout the network. Among the existing algorithms, this 

algorithm provides the most optimal solution, and the main reason for selecting this 

specific algorithm is its convergence speed, which presents the desired results in the least 

possible time. Identifying the most suitable locations for these sources will not only lead 

to a substantial reduction in losses but also enhance the voltage profile and the system's 



19 A. Kazemi et al. 

 

 Journal Green Energy Research and Innovation 1(1) (2024) 16-33 
 

reliability. Subsequently, the discussion will focus on the enhancement of network 

intelligence and self-healing capabilities. In this study, we examined the conventional 69-

bus network and analyzed the simulation outcomes. Next, the second section will discuss 

the allocation of DGs to minimize losses, while the third section will outline the suggested 

self-repairing algorithm. This article is structured into five sections, with Section 1 serving 

as an introductory overview of the topic. Section 2 provides an explanation of the 

relationships associated with the placement of DGs to minimize losses, utilizing the PSO 

algorithm. Section 3 provides a comprehensive explanation of the theoretical framework 

behind the proposed self-healing algorithm. Section 4 outlines the outcomes of the 

software simulation test, while Section 5 provides the final conclusion. 

2. Allocation of DGs to reduce losses  

The PSO has been adopted here to find the proper size and location of DGs in a distribution 

system. The optimization problem is formulated as follows: 

(1) ( ) . . , 1,2,...,i iMin f x s t x X i N =  

where f(x) is the objective function, and x is the sum of each of the selected xi variables. 

The value of Xi is the sum of the possible amplitude of each variable, and N is the number 

of variables.  

2.1.  Objective function 

The optimization problem aims to determine the optimal size and precise placement of 

DGs to maximize the ratio of the benefits derived from employing these resources to their 

associated costs. Augmenting the quantity of DGs amplifies the advantages of this scheme, 

although it concurrently escalates the capital cost and substantially raises the overall cost. 

Consequently, as the number of DGs rises, so does the magnitude of their expenses. The 

objective function is defined by Equation (2): 

(2) max
Cos

Benefit
f

t
=  

2.2.  Advantages 

• Reduced power purchase  

The first advantage of using DGs is that with the generation of power by DG, the purchase 

of power from the main grid is reduced. Therefore, this reduction can be considered as an 

advantage in DGs in the form of Equation (3): 

(3) ( )
1

$ /
DGN i

DGi
PS KWh P

=
=    

Here, PS is the profit from the sale of power. NDG is the number of installed DGs, i

DGP is the 

amount of power produced by the ith DG, and is the price of electricity. Considering the 

5-year study period, inflation and interest rates should be considered in electricity cost 

calculations. The price of electricity per year can be calculated by Equation (4): 

(4) ( )
1

0 1 ln
$ /

1 ln

i

i fR
KWh

tR

−
+ 

=  
+ 

   
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Here 0 is the cost of electricity in the first year, i is the cost of electricity in the ith year, 

and InfR and IntR denote the inflation and interest rates, respectively.  

• Loss reduction 

Another advantage of using DG is the reduction of losses due to energy generation in local 

loads and the elimination of transmission lines [20, 21]. Losses in the distribution system 

depend on the current and resistance of the transmission lines. Losses are a function of 

system topology and the size and location of DGs in the system. The loss reduction 

equation can be shown as Equation (5): 

(5)    ( )Loss NDG DGB Loss Loss= −   

Here, LossNDG and LossDG show the losses without and with the use of DGs. 

• Reduced energy not-supplied (ENS)  

Reliability is another benefit that can be achieved using DGs and the ENS model. Fault 

location and fault clearance along the fault branch are used to calculate ENS [22, 23]. 

Sectionalizers and reclosers can reduce the range of fault impact and reduce the number 

of users experiencing long-term outages [23, 24]. The repair duration includes the time 

required to isolate the faulty branch, connect an emergency node, and repair the fault 

location. DGs that direct the power to the split branch can play a major role in improving 

reliability. 

ENS costs can be calculated as in [25] according to Equation (6): 

(6)  int

1 1

branch tN N

ENS i i i j

i j

C L t D
= =

=     

Here, CENS is equal to the cost of ENS per year, Nbranch is the number of branches in the 

system, Nt is the number of loads interrupted due to fault in the ith branch, 
i is the fault 

rate for each branch per kilometer per year, Li is the length of the branch, ti is the length 

of the repair period, 
int  is the consumer price, and jD   denotes the load rate due to the 

fault in the ith branch. 

The benefit of using DGs in reliability is as Equation (7): 

(7) ENS ENS

ENS NDG DGC C C = −  

where ENS

NDGC and ENS

DGC  are the ENS cost without DG and with DG. Also, the price of ENS 

should be calculated every year on the basis of bank interest and inflation and in the form 

of Equation (8): 

(8) 
1

int int

0

1 ln

1 ln

i

i

fR

tR

−
+ 

=  
+ 

   

2.3.  Costs 

In this section, three types of costs are considered for DGs: initial, maintenance and 

performance, and investment costs [26]. 
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• Initial cost 

Initial costs include the costs related to the purchase, installation, and connection of DG 

units. The initial cost of DG is given in Equation (9) [26]: 

(9) ( )
1

$ /
DGN investment

DG ii
IC KWh C

=
=  

Here investment

iC is the cost necessary for purchasing and connecting the ith DG, and ICDG is 

the total capital cost of all DGs.  

• Investment cost 

The investment cost includes the annual cost of fuel, taking into account the interest rate. 

In this case, the investment cost will be calculated in the form of Equation (10) [26]: 

(10) ( )
1

$ /
DGN operation

DG ii
OC KWh year C

=
− =  

The amount operation

iC  is the investment cost of the ith DG and OCDG is the investment cost 

for all DGs. This is an annual cost, and interest rates and inflation should be considered in 

them [26]. 

(11) 
1

0

1 ln

1 ln

i

operation operation

i

fR
C C

tR

−
+ 

=  
+ 

 

• Maintenance and operation cost 

The cost of maintenance and operation, which includes the costs related to the 

maintenance of DG units, is defined as Equation (12): 

 (12) ( ) int

1
$ /

DGN ma enance

DG ii
MC KWh year C

=
− =  

where intma enance

iC is the maintenance and operation cost of the ith DG and MCDG is the total 

cost for maintenance and operation of all DGs. This is an annual cost, and the amounts of 

interest and inflation should be considered in it. According to Equation (13), we have: 

(13) 
1

int int

0

1 ln

1 ln

i

ma enance ma enance

i

fR
C C

tR

−
+ 

=  
+ 

 

2.4.  Constraints 

The constraints of the objective function include the following: 

• System voltage level 

(14) 
min max 1,2,...,n

iV V V n N  =  
where Vi is the node voltage in year i, and N is the number of nodes of the system.  

• Short-circuit limits 

(15) min max 1,2,...,b b b

iS S S b B  =  

where 
b

iS  is the apparent power at branch b in year i, and B represents the number of branches 

(transformers and lines).  
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• Active and reactive power of the DG 

(16) min max 1,2,...,k k k

DG DGi DGP P P k K  =  

(17) min max 1,2,...,k k k

DG DGi DGQ Q Q k K  =  

where k

DGiP and k

DGiQ are the active and reactive power output of generator k in year i, 

and K is the number of DGs. 

 

3. The proposed self-healing algorithm 

This section provides a comprehensive description of the proposed self-healing 

algorithm for the network. The self-healing reconfiguration process is described here. 

When a fault occurs, the power recovery system detects the fault based on the data related 

to the distribution network in real time. Subsequently, it proposes an accurate and 

efficient reconfiguration technique to precisely identify the location of the fault, separate 

the faulty region, and promptly restore the unaffected regions. The challenge of self-

healing reconfiguration in distribution networks can be characterized as a multi-

objective, multi-period hybrid, multi-boundary nonlinear optimization problem, taking 

into account factors such as the number of switching operations, feeder load margin, load 

improvement amount, network restrictions, and user priority. Prior to elucidating the 

executed method, we provide an explanation of the objective functions, constraints, and 

the algorithm employed in the simulation [27]. 

3.1. Objective function 

Different objective functions for the reconfiguration algorithm of self-healing distribution 

networks are presented according to different reconfiguration target conditions. The 

following two objectives are considered in this paper [27]. 

1) Objective functions with the least number of switching operations and minimum 

power loss  

(18) 2

1 2

1 1 1

min ( , , ) min (1 )
m n l

i i m j j i i

i j i

F I Y Z b a y a z b I R
+

= = =

= − + +
   
  
   

    

i
y and 

i
z show the status of disconnection and loop switches, m and n are the number of 

disconnection and loop switches, ai is the weight coefficient, i denotes the number of 

branches, Ii represents the present amplitude of branch i, Ri is the resistance of branch i, 

b1 is the cost coefficient of switch operations, and b2 is the weight coefficient of active 

power loss.  

2) To avoid overload and ensure the security and quality of the power supply, the 

objective function with uniform load becomes: 

(19) max

i

i

i

S
LB

S
=  
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(20) max

1

1 Nb

i

sys

i i

S
LB

n S=

=   

where LBi and LBsys are the indices of load balance of branches and the system, Si denotes 

the current flow on branch i, max

i
S is the capacity of the unit, and Nb represents the number 

of branches of the system.  Due to the rapid increase in load and slow energy production, 

the load distribution of distribution networks is very uneven and has many disadvantages 

for the system, including increased energy consumption, reduced power quality, and 

overload risk. There are two main means of achieving load balancing. The first tool is to 

transfer the load between different feeders in the system and the other is to transfer the 

load between different phases in the feeder. 

3.2. Constraints 

The constraints of the self-healing reconfiguration algorithm of distribution networks 

include a set of equality constraints, including power flow constraints, and inequality 

constraints, including limits on feeder capacity, line current, bus voltage, and transformer 

overload [28]. 

a. Capacity limit of the feeder 

(21) maxj j
S S  

where 
j

S is the current power on route  , and maxjS is the maximum power on that route.  

b. Line current limit 

(22) maxij ij
I I  

here, Iij is the current flow on the route ij, and Iij max is the maximum current on that route.  

c. Bus voltage limit 

(23) min maxj j j
V V V   

where 
maxj

V and 
minj

V are the upper and lower limits of the node j voltage.  

d. Transformer overload limit 

(24) maxt t
S S  

St is the transformer power, and St max is the maximum power of the transformer.  

In the self-healing reconfiguration process, inequality constraints are guaranteed by 

adding a penalty function to the objective functions. 

3.3.   Metaheuristic reconfiguration self-healing Algorithm 

This part of the paper discusses the metaheuristic reconfiguration self-healing algorithm 

based on the tree structure.  

• Metaheuristic rules 

We divide the switches into the following three sets: 

Set A: Switches that cannot be closed. 

Set B: Switches that cannot be opened. 
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Set C: Switches that cannot be freely activated. 

The following rules of thumb are provided with respect to the characteristics of 

distribution networks and self-healing reconfiguration requirements: 

• Prioritizing operations to the switches connected to the transformer. 

• Prioritizing the use of closed-loop switches to the power supply terminal. The situations 

where the load is connected to the distribution network affects the system loss, and the 

shorter the distance between the load and the power supply terminal, the less network 

loss. 

• Prioritizing the operation of the lines with the maximum current margin. 

 

3.4.  Algorithm procedure  

Step 1: First, search and find all the out-of-service areas, calculate the amount of load loss, 

and mark all the switches in this area. 

Step 2: Count the number (defined as n) of loop switches that can be operational and do 

not belong to set A between the charging region and the out-of-service region. If n = 0, this 

means that there is no way to restore power and terminate the process. 

Step 3: If 0n  ،, select a loop switch as the root node according to subjective rules; other 

nodes in the out-of-service area are formed into a tree according to the connection 

relationship. Then, according to the distance from the root node, put the numbers in the 

route of the buses and lines saved by the layer. 

Step 4: Close the loop switch and return to Step 1 if the constraints are met. 

Step 5: If the constraint is not satisfied, search the tree from the bottom up and open the 

switches of this layer until the constraint is satisfied, then return to Step 1. If the switches 

in this layer belong to sets B and C, open only the switches for set C. If the switches in this 

layer belong to set B, open all. Constraints are removed until the root node's loop switch 

is turned on, which means the loop switch cannot be closed, so mark it as set A. This 

algorithm process is also shown in Figure 1. 

 

3.4.1. Self-healing reconfiguration of the distribution network with DGs 

DGs generally adopt an active power or voltage control strategy when connected to the 

grid. When the agent is disconnected from the grid, the voltage/frequency control system 

is selected. According to different control strategies, DGs can be divided as follows: DGs 

that can run independently and DGs that cannot. Under the assumption of ensuring the 

safety of the power system, according to the different types of DGs, when a fault occurs in 

the distribution networks, the DGs that can operate independently form a controllable 

island, while the DGs that cannot operate independently are disconnected; the rest of the 

network is rebuilt using a self-healing reconfiguration method. Figure 2 shows this 

process. 
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Figure 1. The flowchart of the metaheuristic reconfiguration self-healing algorithm. 
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Figure 2. Self-healing reconfiguration of the distribution network with DGs. 
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An additional limitation of distribution networks with DGs is island power limitation, i.e., 

the load on an island must be less than the total supply from DG for this island. 

(25) 0DG iP P+ 


 

where PDG is the output power of the DG in the island,  is the set of islands, and Pi is the 

loads within the island.  

 

4. Simulation results 

4.1. Allocation of DGs to reduce losses 

The system under study is the standard IEEE 69-bus system, depicted in Figure 3. The 

power consumption of buses is 3.8 MW and 2.7 MVar in total, which are fed at a nominal 

voltage of 12.66 kV, in which case the network loss is equal to 224.98 kW.  

Table 1 shows the location and size of energy sources and network losses after 

optimization. At the end of the optimization process, the global search reaches 

convergence around the optimal point during the 16th iteration. The utilization of DGs 

results in a consistent oscillation of the voltage profile around 1 per-unit (p.u.), as depicted 

in Figure 4. This phenomenon demonstrates a significant enhancement in voltage. Before 

the installation of DGs, the voltage profile in p.u. shows a significant reduction of 91% at 

the end of the lines. 

To enhance the comparison in Figure 4, the voltage profile is juxtaposed prior to and 

subsequent to the implementation of energy sources. The addition of a 1.57 MW energy 

source at the end of the network resulted in a 10% improvement in the voltage profile at 

that location. Additionally, it should be noted that the storage devices are situated in the 

same location as the energy sources. 

 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

27 26 25 24 23

22

28 29 30 31

S
la
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 B

u
s 

(1
)

35343332

47 48 49 50

36 37 38 39 40 44434241 45

51 52

68 69

66 67

46

53 54 55 56 57 58 59 63626160 64 65
 

Figure 3. The standard IEEE 69-bus system under study [25]. 
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Table 1. Location and optimal size of energy sources by the PSO method. 

Loss after 

installation of 

sources 

Loss before 

installation of 

sources 
Iteration

s 
No. of 

birds Location Capacity No. 

97.2kW 224.94kW 20 100 
61 1.5766 MW DER 1 

17 0.46196 MW DER 2 

 

 
Figure 4. A comparison of voltage profiles before and after installation of DGS in the network. 

 

4.2. Self-healing of the 69-bus distribution network 

As previously mentioned, there are several DG protections switches in the vicinity. These 

switches are designed to open in the event of a fault during islanding. Additionally, there 

are a set of open switches that can be connected to create secondary and healing routes. 

In the event of a fault and disconnection of the faulty point, these switches help address 

any issues that may arise. Power quality, dependability, and stability in the network 

should not be compromised. While it is possible to define several intricate and diverse 

structures, the notable benefits of this technology include its rapid self-healing, reduced 

expenses, and overall simplicity. 

Initially, the network is partitioned into 8 sections. Bus 1 to 3 comprise the primary route 

and do not have any associated load, so they are excluded from this segmentation. 

Partitioned areas are: 

 : 4 27; 28 35;36 46; 47 50;51 52;53 65; 66 67; 68 69Area − − − − − − − −  
In this scenario, it is feasible to exclude less significant feeders with a low load in order to 

minimize the costs associated with switching and establishing an alternative route. Here, 

all feeders are provided with zoning to ensure that they can supply all network loads in 

case of fault occurrence. This zoning is also depicted in Figure 5. Then all areas are 

connected to each other through an open switch that can be connected at different points, 

which are alternative routes for the power of different feeders in case of fault. These 

switches are defined for different feeders as follows: 

  : 27 35;35 46;46 52;27 50;50 65;65 68;67 69Disc Switches − − − − − − −  
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Figure 5. Network zoning. 

 

These routes with connectable switches are also shown in Figure 6. The algorithm 

outlined below describes a method for finding self-healing. The first step involves 

identifying the specific area where the fault occurred and the affected consumer. Next, the 

algorithm checks the number of loop switches in the network. Starting from the fault 

location, it forms a loop by connecting the switch above the fault and establishes an 

alternative route. By opening the isolated switch, the data's status is altered, thereby 

isolating the DG source. This isolation allows for the delivery of load power by 

disconnecting the DG and connecting the upstream loop switches, enabling power flow. 

Self-healing is only possible if the voltage and power limits are upheld. In such cases, the 

self-healing is carried out using the same switch position. However, if the conditions are 

not met, the upstream switches are altered until the desired conditions are achieved. In 

order to evaluate the simulation's performance, we introduce a hypothetical fault in bus 

28 and then in bus 26. We then calculate the switching cost and maintenance cost using 

Equation (18) and taking into account the self-healing characteristics of the network. 
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Figure 6. Secondary routes considered for the 69-bus network. 
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• A fault at bus 28 

Given that bus 61 has a substantial load capacity of 1.3 MW, with 0.8 MW accounting for 

one-third of the overall network load, and the approximate capacity of bus 61 is 1.6 MW, 

the cost calculation formulation has concluded that in the event of islanding, DG should 

solely be accountable for supplying power to its own bus load, taking into consideration 

voltage constraints and the expenses associated with switching. Upon detecting a fault 

through the sensors and measurement devices, the self-healing network initiates the 

process of self-healing the network based on the prevailing conditions and the switching 

cost function. According to the information presented in Table 2, when a fault occurs at 

bus 28, the bus with DG becomes islanded and the route 65-68 as the first priority with 

the least total cost and the route 27-35 as the second priority with higher cost are 

established. The self-healing function is depicted in Figure 7. 

 

• A fault at bus 26 

The consideration of bus 26 was only due to the distance of the bus from the slack bus and 

it was random. An attempt was made to select one of the farthest buses from the slack bus. 

Considering that the desired method has been validated, the possibility of considering 

other points for fault is unimpeded. In this case, the self-healing approach is demonstrated 

in Table 3 and Figure 8, illustrating the performance of this function. When simulating 

self-healing, it is observed that the self-healing algorithm selects the route with the lowest 

cost after each fault. This is because, in other tested faults, routes 35-46 or 27-50 were 

found to have high costs and are not chosen unless low-cost routes are excluded or not 

taken into account. 

 

Table 2. Self-healing strategy for a fault at bus 28. 

Cost Case Switch status No. Fault 

 

65.7056 
 

Islanded DG 
61-62 open 
60-61 open 

1 

Bus 28 
Power source 

restoration 

65-68 closed 
27-35 closed 

2 

 

 

Table 3. Self-healing strategy for a fault at bus 26. 

Cost Case Switch status No. Fault 

 

103.2107 
 

Islanded DG 
61-62 open 
60-61 open 

1 

Bus 26 
Power source 

restoration 

46-52 closed 
50-65 closed 

2 
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Figure 7. Self-healing performance in the case of a fault at bus 28. 
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Figure 8. Self-healing performance in the case of a fault at bus 26. 

 

5. Conclusions 
This paper presents the design of a self-healing network with high reliability, minimal 

losses, and an improved voltage profile. The objective is to determine the best placement 

and capacity for DG units. In order to evaluate the effectiveness of the suggested approach, 

the algorithm was implemented on the standard IEEE 69-bus network. The simulation 

results of the self-healing process validated that, apart from selecting the route with the 

least cost, the algorithm substantially decreased the overall power loss and enhanced the 
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voltage profile. Moreover, through the implementation of intelligent devices, the network 

has been optimized, resulting in a highly efficient infrastructure. Additionally, the self-

healing capabilities of this smart network have further enhanced its efficiency, minimizing 

human errors to an almost negligible extent. Consequently, the network's reliability has 

significantly improved, leaving a remarkable impression. In the end, it should be said that 

in future studies, the costs related to switches, including purchase, maintenance, and costs 

related to switching, can be considered in locating distributed generation resources. Also, 

the hidden costs of distributed generation resources, including the efficiency and 

switching of power electronic circuits and life span, are items that can be effective in 

locating the distributed generation resources. As a verification, the location of the fault, 

the type of fault, and the number of distributed generation sources added to the network 

can be considered as variables for the next location studies. 
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